Static electricity had been observed in ancient times. It was known that if amber and other substances were rubbed, they would attract very light objects. The nature of this 'force' remained unexplained until the 17th century, although in 1600, William Gilbert, President of the Royal College of Physicians and physician to Queen Elizabeth I, named objects like amber "electra", derived from the Greek for amber. In 1646, Sir Thomas Browne called the force "electricity" 1 .
In 1729, the English scientist Stephen Gray was able to transfer a static electrical charge from one object to another by means of wet hemp thread, 150 meters long. He coined the terms "electrics" and "non-electrics" in describing what we now know to be conductors and insulators 1 .
In 1745, Ewald von Kliest and Pieter van Musschenbroek independently invented a device that could store a static electrical charge. It became known as the Leiden Jar, after the university where van Musschenbroek worked. This allowed further research into electricity although the nature of the phenomenon was still not understood 1 . Even Benjamin Franklin who conducted the famous (and foolhardy) experiment of flying a kite with a conductive string into a stormy sky in 1752, believed that electricity was an imponderable fluid pervading everything. Normally, he reasoned, the fluid was evenly distributed, but friction on some substances caused an accumulation.
Allessandro Volta, the Italian scientist, is responsible for discovering electrical current. He developed the "Voltaic pile" in 1800, consisting of a column of alternating discs of copper and zinc, separated by paper soaked in brine (later sulphuric acid). The ability to generate large electric currents gave rise to many experiments in attempted resuscitation of the dead. In 1803, at the Royal College of Surgeons in London, Giovani Aldini conducted an experiment on a recently hanged criminal. The body had lain in a temperature of 30°F for one hour before being transported to the College, whereupon "on applying the conductors to the ear and to the rectum, such violent muscular contractions were executed, as almost to give the appearance of the reanimation" 1 .
In 1791, Luigi Galvani published his work describing the stimulation of the inner crural nerves of a frog with an electrostatically charged object, causing the leg muscles to contract. He also noted that uncharged metal objects could cause similar contractions. He proposed that animals contained a second type of electricity in the form of "nerveo-electrical fluid". Volta disagreed with Galvani and showed that the electricity did not come from the animal tissue but was due to contact with different metals in a moist environment 1 .
For some years, the measurement of electrical activity was done by observing the contractions in frog legs. In 1842, Carlo Matteuci, Professor of Physics in Pisa, used his "reoscopic frog", an isolated frog nerve and muscle preparation, to confirm that an electric current accompanies each heart beat 1,2 .
In 1819, Danish physicist Hans Christian Oerstad noted that a magnetised compass needle moved each time an electric current was turned on in a nearby wire. In the following year, Johann Schweigger of Nuremberg found that by coiling the electric wire, the effect on the compass needle was magnified. He had invented the galvanometer. It was not until 1843 that an "action potential" was described by German physiologist Emil Du Bois-Reymond. Using a galvanometer with 24,000 turns of wire in the coil, his instrument was sensitive enough to detect the small voltage variations during muscle contraction 2 .
The first recording of a human electrocardiogram probably took place at St Bartholomew's Hospital, London in 1869, when electrical engineer Alexander Muirhead used a Thompson "siphon recorder". The latter used an ink siphon, attached to a moving coil galvanometer, to spray ink onto a moving paper record. Muirhead did not publicise his discovery 2 .
The first clinical "electrogram" was recorded in 1887 by Augustus Desiré Waller of St Mary's Medical School, London. He used a Lippmann capillary electrometer to make a continuous record on photosensitive paper. The optically magnified movement of the meniscus between mercury and sulphuric acid in a fine capillary tube reflected small current changes. Waller later called his recordings "cardiograms" and although he often demonstrated the technique using his dog Jimmy who patiently stood with his paws in glass jars of saline, he did not recognise the importance of his findings 2, 3 . In 1911, he said "I do not imagine that electrocardiography is likely to find any extensive use in the hospital... It can at most be of rare and occasional use to afford a record of some rare anomaly of cardiac action" 2 .
The Dutch physiologist, Willem Einthoven (1860 to 1927), is credited with the development of the clinical electrocardiogram. Having been appointed as professor at Leiden University in 1886, he commenced research in respiratory physiology. He attended the First International Congress of Physiology in Basel in 1889 and observed a demonstration by Waller of his technique. Einthoven then dedicated his time to perfecting the understanding of the heart's electrical action. At first, he improved the resolution of the capillary electrometer and then applied mathematical equations to 'correct' the recordings. Seeking more accurate measurement, he modified the "string galvanometer" to produce extremely high quality recordings. The string galvanometer used a thin silvercoated quartz filament passing between two electromagnets. Current passing through the filament produced a movement that could be projected, magnified and recorded. Response time and sensitivity were improved by using very fine quartz "string" under high tension. Production of the extremely thin quartz string was achieved by drawing out the molten fibre behind an arrow fired from a bow 4 . He published his first electrocardiogram in 1902.
Einthoven wrongly acknowledged that Waller had introduced the name "electrocardiogram", but probably introduced it himself 3 . He also used the term "elektrokardiogramm" hence "EKG" in some countries. He named the P, Q, R, S and T waves following mathematical convention dating from the time of Descartes. The convention uses the letters of the second half of the alphabet and, since N is used for other notations in mathematics and O is the origin of Cartesian co-ordinates, it was logical to start with "P" 1 .
In 1912, Einthoven introduced vector cardiography with the three standard leads in an equilateral triangle. In 1924, he was awarded the Nobel Prize.
The first electrocardiographs were huge devices and it was only when they began to be reduced in size that they became useful in clinical practice. The Einthoven galvanometer in the cover photo is in the Medical History Museum at the University of Melbourne and dates from around 1920. The porcelain tubs in which two forearms and one foot were immersed in saline can clearly be seen.
Electrocardiography did not become common in anaesthesia practice until the 1970s. In textbooks prior to 1960, it was unlikely to rate a mention as a means of patient monitoring. This was in part due to the cumbersome nature of the devices available. Johnstone wrote in 1956, "The most suitable type of electrocardiographic equipment for theatre use is the valve amplifier which combines a direct-writing galvanometer monitored by a cathode ray oscilloscope" 5 . R. N. WesthoRpe, C. Ball Geoffrey Kaye Museum of Anaesthetic History
